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22. A method of producing genetically transformed 
plant cells which are resistant to infection by a plant virus, 
comprising the steps of: 

(a) inserting into the genome of a plant cell a 
recombinant double-stranded DNA molecule 
comprising: 

(i) a promoter which functions in the plant 
cell to cause the production of RNA sequences 
of said plant virus; 

(ii^ a DNA sequence that causes the 
production of an RNA sequence, said RNA 
sequence encoding the coat protein of said plant 
virus; and 

(iii) a 3' flanking sequence; and 
(h^ recovering transformed plant cells which have 
increased resistance to infection by said plant virus. 

23. A method of claim 22, wherein said DNA 
sequence is expressed in said transformed plant cells, such that 
said coat protein is present in said transformed plant cells. 

24. A recombinant double stranded DNA molecule 
comprising in sequence: 

(a) a promoter which functions in a plant cell to 
cause the production of RNA sequences of said plant 
virus; 

(b) a DNA sequence that causes the production of 
an RNA sequence, said RNA sequence encoding the 
coat protein of said plant virus; and 

(c) a 3' flanking sequence, 

said molecule being incapable of causing systemic 
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25. A DNA molecule according to claim 24, 
wherein said promoter is heterologous with respect to the coat 
protein coding sequence. 

26. A plant transformation vector comprising the 
DNA molecule according to claim 24. 

27. A bacterial cell comprising the plant 
transformation vector according to claim 26. 

28. A bacterial cell according to claim 27, wherein 
said bacterial cell is an Asrobacterium tumefaciens cell. 

^9. A transformed plant cell comprising 
chrorriosong^l DNA comprised of: 

(di) promoter which functions in plant cells to 
cause th^Egoduction of RNA sequences of a plant virus; 
rb^ a Dl^ sequence that causes the production of 
an RNA sequence, said RNA sequence encoding the 
coat protein of said plant virus; and 
(c) a 3' flanking sequence. 

According to claim 29. said plant 
cell exhibiting ifesiMnce to said plant virus. 

^^^^"^ A plant cell according to claim 30. wherein said 

DNA sequence is expressed bv said plant cell such that said 
coat protein\s present in said plant cell. 

32. A plant cell according to claim 29. wherein said 
plant virus is tobacco mosaic virus. 



33. A plant cell according to claim 32. said cell 
being a tobacco cell. 
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34. A plant cell according to claim 32, said plant 
cell being a tomato cell. 

35. A method according to claim 22, wherein step v 
(a) comprises Aerobacterium-mediated insertion of said DNA 
molecule into a plant cell that is susceptible to infection by 
Agrobacterium tumefaciens. 

36. A transformed plant cell of Claim 29, wherein 
said cell is susceptible to infection by Agrobacterium 
tumefaciens. 

\37, A recombinant, double-stranded DNA molecule 
compnsi^ in sequence: 

(a) \ a promoter which functions in plant cells to 
cause tBc production of RNA sequences of a plant yirus: 
Cb) a D^A sequence that causes the production of 
an RNA seqVince, said RNA sequence encoding the 
coat protein oAsaid plant virus; and 

(c) a 3 ' flaming sequence. 

38. A method for production of a yirus-resistant 
dicotyledonous plant, comprising the steps of: 

( a") introducing into the chromosomal genome of a 
dicotyledonous plant cell a recombinant DNA molecule 
comprising a viral coat protein structural gene 
downstream from a plant-expressible promoter; 

(b) recovering transformed plant cells; and 

( c) regenerating virus-resistant dicotyledonous 
plants from said transformed cells. 


A method for introducing a trait of virus 


39 


resistance into a dicotyledonous plant comprising the steps of: 
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(a) introducing into cells of a dicotyledonous plant 
by Agrobacterium-mediated transformation a chimeric 
DNA sequence which causes the transcription in the 
cells of a negative strand RNA which is sufficiently 
complementary in nucleotide sequence to a target RNA 
strand which is an RNA produced by a virus so that the 
hybridization of the negative strand DNA to the RNA 
produced by the virus in vivo will inhibit pathogenic 
activity of the virus; and 

(b) generating a whole mature plant from said cells; 
and verifying in said plant the virus resistance trait. 

40. A method as claimed in claim 39 wherein the 
target RNA strand is the RNA of tobacco mosaic virus. 

41 . A virus resistant morphologically normal 
dicotyledonous plant comprising: 

cells which have in their genome a chimeric DNA 
sequence which causes the transcription in the cells of a 
negative strand RNA sufficiently complementary to a target 
viral RNA strand so that the negative RNA strand will 
specifically associate with the target-viral RNA strand to inhibit 
target RNA strand activity in vivo in the cells of the plant, the 
target viral RNA strand being selected from the group 
consisting of a portion of the RNA of a virus and the 
transcription product created in a plant cell by a virus, the 
chimeric DNA sequence having been inserted into the parental 
line of the dicotyledonous plant by Agrobacterium-mediated 
transformation. 

42. A tobacco plant comprising 

cells which have in their genome a chimeric DNA 
sequence which causes the transcription in the cells of a 
negative strand RNA which is sufficiently complementary to a 
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portion of a target RN A strand so as to associate with the target 
RNA strand in vivo to inhibit target RNA strand activity in the 
cells, the target RNA strand selected from the group consisting 
of a RNA product of viral infection of the celU and a viral RNA 
itself, the chimeric DNA sequence having been inserted into the 
parental line of the plant bv Agrobacterium-mediated 
transformation. 

43 ■ A tobacco plant as claimed in claim 42 wherein 
the target RNA strand is the coat protein in RNA of tobacco 
mosaic virus. 

O 

I y 44. A tobacco plant as claimed in claim 43 wherein 

i J 

i. j the target RNA strand is the RNA of tobacco mosaic virus. 

ry 

- 45. Seeds of a plant as claimed in Claim 4 1 . 

j jl 46. Seeds of a tobacco plant as claimed in Claim 42. 

= 3 47. A virus-resistant dicotyledonous plant 

comprising in its chromosomal genome a DNA construct 
comprising a plant-expressible promoter upstream from a DN A 
sequence which causes the transcription of a negative strand 
RNA complementary to viral RNA. 

48. A virus-resistant plant comprising in its genome 
a DNA construct comprising a plant-expressible promoter 
upstream from a DNA sequence which causes the transcription 
of a negative strand RNA complementary to viral RNA, the 
DNA sequence introduced into a parent of the plant through 
Agrobacterium-mediated plant transformation. 

49. A virus-resistant plant comprising in its genome 
a DNA construct comprising a promoter normally operable in 
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plant cells upstream from a DNA sequence which causes the 
transcription of a negative strand RNA which is complementary 
to viral RNA and which inhibits pathogenesis by the virus. 

50. A virus-resistant dicotyledonous plant 
comprising in its genome a DNA construct comprising a 
promoter normally operable in plant cells upstream from a 
DNA sequence which causes the transcription of a negative 
strand RNA which is complementary to viral RNA and which 
inhibits pathogenesis by the virus. 

51. A virus-resistant plant comprising in its genome 
a DNA construct comprising a promoter normally operable in 
plant cells upstream from a DNA sequence which causes the 
transcription of a negative strand RNA which is complementary 
to viral RNA and which inhibits pathogenesis by the virus, 
wherein the DNA construct was introduced into a parent by the 
plant by Agrobacterium-mediated plant transformation. 

52. A method for producing a virus-resistant 
dicotyledonous plant comprising the steps of: 

(aY introducing into the chromosomal genome of a — 
dicotyledonous plant cell a recombinant DNA molecule 
comprising a plant-expressible promoter upstream from 
a DNA sequence which causes the transcription of a 
negative strand RNA complementary to viral RNA; 

(b) recovering transformed plant cells; and 

(c) regenerating virus-resistant dicotyledonous 
plants from said transformed cells. 

53. A method for producing a virus-resistant plant 
comprising the steps of: 

(a) introducing into the genome of a plant cell by 
Asrobacterium-med'iated transformation a recombinant 
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DNA molecule comprising a promoter normally 
operable in plant cells upstream from a DNA sequence 
which causes the transcription of a negative strand RNA 
complementary to viral RNA; 

(b) recovering transformed plant cells; and 

(c) regenerating virus-resistant plants from said 
transformed cells. 


54. A method for producing a virus-resistant plant 
comprising the steps of: 

(a) introducing into the genome of a plant cell a 
recombinant DNA molecule comprising a promoter 
normally operable in plant cells upstream from a DNA 
coding sequence which causes the transcription of a 
negative strand RNA sufficiently complementary to a 
viral RNA to inhibit pathogenesis by the virus; 

(b) recovering transformed plant cells; and 

(c) regenerating virus-resistant dicotyledonous 
plants from said transformed cells. 

55. A method for producing a virus-resistant plant 
comprising the steps of: 

(a) introducing into the genome of a plant cell by 
Agrobacterium-mediated transformation a recombinant 
DNA molecule comprising a promoter normally 
operable in plant cells upstream from a DNA coding 
sequence which causes the transcription of a negative 
strand RNA sufficiently complementary to a viral RNA 
to inhibit pathogenesis by the virus; 

(b) recovering transformed plant cells; and 

(c) regenerating virus-resistant plants from said 
transformed cells. 
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56. A chimeric DNA sequence comprising a 
promoter normally operable in plant cells and DNA sequence 
coding for the transcription of a negative strand RNA which is 
sufficiently complementary in nucleotide sequence to a target 
RNA strand produced by a virus so that expression of the 
chimeric DNA sequence in plant cells will inhibit pathogenic 
activity of the virus. 


57. A plant cell comprising in its genome the 
chimeric DNA sequence of Claim 56. 

58. A DNA construct comprising a plant-expressible 
promoter upstream from a DNA sequence which causes the 
transcription of a negative strand RNA complementary to viral 
RNA, wherein the promoter is capable of causing transcription 
of said DNA sequence in a plant cell. 

59. A virus-resistant dicotyledonous plant cell 
comprising the DNA construct of Claim 58. 


60: A\iethod of producing virus resistant plants 
comprising: \ _ 

introducing int^^plant cell a DNA coding for a gene, 
or fragment thereof, y tnkvi4is which when introduced into 
plant cells inhibits pathogen^^S^y^e virus; 
recovering transform^ plarat cMls; and 

regenerating virus resisram plant\from said transformed cells. 
^ ^^^^^^ 

* g €1 . The method according to claim 60, wherein said 

plant is a\mato plant. 

62. Xfhe method according to claim 60, wherein said 
plant is cotton. 
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The method according to claim 60. wherein said 
plant is po'Wto and said virus is potato virus X. 

64. \hc method according to claim 60. wherein said 
plant is potato an\ said virus is potato virus Y. 

65. TH^j^llpd according to claim 60. wherein said 
gene or fragment tngeof is a coat protein gene or a fragment 
thereof. ^ 


66. The method according to claim 60. wherein the 


^ ^ DNA (^ing for the gene, or fragment thereof, of the virus is 

:,3 operably linked with a promoter which causes expression of a 

J'H product sufflcknt to inhibit pathogenesis bv the virus. 


67. The\(letHtod according to claim 60. wherein the 
DNA is in the sensAdWefction. 




od according to claim 60, wherein the 


^ j ^. The method according to claim 60. wherein the 
DNA seq\ence encodes a viral replicase gene or a fragment 
thereof. 


70. Ttc method according to claim 60. wherein the 
DNA encodes a vntal replicase binding site. 

7 1 ■ The t^ip o d^according to claim 60, wherein the 
DNA encodes a viral |o^t |)rotein or a fragment thereof. 

^ s 

f The method according to claim 60. wherein said 

virus is s\ected from the group consisting of alfalfa mosaic 
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^irus, brome mosaic virus, barley yellow dwarf virus, beet 
velhs^s virus, cucumber mosaic virus, lettuce necrotic yellow 
virus, r^^ze chlorotic dwarf virus, pea enation virus, potato 
virus S, potabayirus X. potato virus Y, southern bean mosaic 
virus, tomato ring^^t virus, tobacco ringspot virus, tobacco 
mosaic virus, tobacco s^ak virus, turnip yellow mosaic virus, 
and wound tumor virus. \. 

73. The method according to claim 72, wherein said 
virus is selected from the group consisting of tobacco mosaic 
virus, cucumber mosaic virus, alfalfa mosaic virus, and tobacco 
ringspot virus. 

1 4. A recombinant DNA molecule comprising: 
a^x)moter which is functional in plant cells; and 
a DN^ sequence which encodes a protein native to a 
virus operablv\nked to the promoter, wherein said 
recombinant DnX molecule when introduced into the plant 
cells will prevent tnb propagation of the virus. 

75. The recjA^inam D^iAmolecule according to 
claim 74, wherein thepN.^^/qucnce is in the sense direction. -- 


76. The recombinant VN A molecule according to 
claim 74, wherein the DNA sequence is in the anti -sense 
direction. 

*^ JG, The recombinant DNA molecule according to 
claim 74, wherein the DNA sequence encodes a viral replicase 
gene or a fragm^t thereof. 

78. The reoombinant DNA molecule according to 
claim 74, wherein the D^^ sequence encodes a viral replicase 
binding site. 
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19. APpi'&coiTibinant DNA molecule according to 
claim 74. wher/irNhe/lJ^??^'5equence encodes a viral coat 
protein or a frai 

^^^^^ The recombinant DNA molecule according to 

claim 74,\/herein said virus is selected from the group 
consisting o^dfalfa mosaic virus, brome mosaic virus, barley 
yellow dwarf viVs, beet vellows virus, cucumber mosaic virus, 
lettuce necrotic yeftpw virus, maize chlorotic dwarf virus, pea 
enation virus, potato \rus S, potato virus X, potato virus Y, 
southern bean mosaic vrkis, tomato ringspot virus, tobacco 
ringspot virus, tobacco mo^ic virus, tobacco streak virus, 
turnip yellow mosaic virus, mad wound tumor virus. 

81 . The recombinant DNA molecule according to 
claim 80, wherein said virus is selected from the group 
consisting of tobacco mosaic virus, cucumber mosaic virus, 
alfalfa mosaic virus, and tobacco ringspot virus. 

^2. A vector containing the recombinant DNA 

ft " / , 

molecule according to claim 74. 

83. The vector according to claim 82, wherein said 
vector is an Asrobacterium tumefaciens plasmid. 

84. A host cell transformed with the vector 
according to claim 82. 

85. The host cell according to claim 84, wherein the 
host cell is a bacterium. 

86. The host cell according to claim 85, wherein the 
bacterium \s Agrobacterium tumefaciens. 
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87. The host cell according to claim 84, wherein the 
host cell is a plant cell. 

88. The host cell according to claim 87, wherein the 
plant cell is dicotyledonous 

89. The host cell according to claim 87, wherein the 
plant cell is monocotvledonous 

90. A method of producing virus resistant plants, 
comprisr 

introducing into a plant cell a DNA coding for a gene, 
or fragment tlweof, of the virus which when introduced into 
plant cells inhibrilg pathogenesis by the virus; 

recovering Y^tisformed plant cells; and 

regenerating\irus resistant plants from said transformed 

cells. 

91 . The method\ccording to claim 90, wherein said 
plant is a tomato plant. 

92. The method according to claim 90. wherein said 
plant is cotton. 

93. The method according to Sj^im 90. wherein said 
plant is potato and said virus is potatoyriru^ 

94. The method according to clanm \0, wherein said 
plant is potato and said virus is potato virus Y. 

95. The method according to claim 90, w\erein said 
gene or fragment thereof is a coat protein gene or a frai^ment 
thereof. 
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96. The method according to claim 90. wherein the 
DNA 3^ding for the gene, or fraRment thereof, of the virus is 
operablylliJiked with a promoter which causes expression of a 
product su^ient to inhibit pathogenesis by the virus. 

97. ^e method according to claim 90, wherein the 
DNA is in the sen\e direction. 

98. The rftethod according to claim 90. wherein the 
DNA is in the anti-sei^e direction. 

99. The method according to claim 90. wherein the 
DNA sequence encodes a^^iral replicase gene or a fragment 
thereof. 


100. The method acSiprding to claim 90, wherein the 
DNA encodes a viral replicase Binding site. 

101. The method according to claim 90, wherein the 
DNA encodes a viral coat protein orV fragment thereof. 


102. The method according t\ clauaff^oTwherein said 
virus is selected from the group consistiM of alfalfa mosaic 
virus, brome mosaic virus, barley yellow dwarft virus, beet 
yellows virus, cucumber mosaic virps. lettxJter necrotic yellow 
virus, maize chlorotic dwarf virus, pea enatimi viru^taiotato 
virus S, potato virus X, potato virus Y, soufhmi bean mosaic 
virus, tomato ringspot virus, tobacco\ix3/spot Arus, tobacco 
mosaic virus, tobacco streak virus, turnip yellow^osaic virus, 
and wound tumor virus. 


1 03. The method according to claim 1 02, wherein 
said virus is selected from the group consisting of toaacco 
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mogaic virus, cucumber mosaic virus, alfalfa mosaic virus, and 
tobacOQ ringspot virus. 


1 04. XA viru&-j;^sistant plant comprising a recombinant 
DNA molecule Kaying a gene, or fragment thereof, isolated 
from the virus/vyhefejn*5a^^*gghe, or fragment thereof, when 


introduced intApj/nt ceils inhibits pathogenesis by the virus. 


wherei 


5. The virus resistant plant according to claim 104, 
rein thkgene, or fragment thereof is maintained within the 
plant genom^ 


106. Th^irus resistant plant according to claim 104, 
wherein the gene, or\agment thereof is maintained on a vector 
capable of replicating ii^he host. 

107. The virus resfktant plant according to claim 104, 
wherein the plant is dicotyledomous 

108. The virus resistant plag^ according to claim 104, 
wherein the plant is monocotyledonous 

109. The virus resistant plant accoro^g to claim 104, 
wherein said plant is a tomato plant- 
HQ. The virus resistant plant according to\:I^im 1 04, 

wherein said plant is cotton. 

111. The virus resistant plant according to claim u p4, 
wherein said plant is potato and said virus is potato virus 


112. The virus resistant plant according to claim 10^,^ 
wherein said plant is potato and said virus is potato virus Y. 
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113. ^S^e><rrusresistant plant according to claim 1 04, 
wherein said gegf^^ffragment thereof is a coat protein gene or 
a fragment thereof. 


14. The virus resistant plant according to claim 104, 
wherein the DNA coding for the gene, or fragment thereof, of 
the virus is operablv linked with a promoter which causes 
expression of \product sufficient to inhibit pathogenesis by the 
virus. 

1 15\ The virus resistant plant according to claim 104, 
wherein the I^^s ki the sense direction. 

1 16. V They^iru^ggistant plant according to claim 104, 
wherein the D^^^s mwthe anti-sense direction. 

S l\7. The virus resistant plant according to claim 104, 

wherein th\DNA sequence encodes a viral replicase gene or a 


^ |j fragment the^of. 


118. Tfte virus resistant plant according to claim 1 04, 
- wherein the DNA qncodes a viral replicase -^binding site. ^ 

119. THip^irus resistant plant according to claim 104, 
wherein the DN/ X ^p^des^^iral coat protein or a fragment 
thereof. 



^^^ji y 120. The virus resistant plant according to claim 1 19, 
vhereki sa id virus is selected from the group consisting of 


alfalfa irrosaic virus, brome mosaic virus, barley yellow dwarf 
virus, beet^llows virus, cucumber mosaic virus, lettuce 
necrotic vellowwyirus, maize chlorotic dwarf virus, pea enation 
virus, potato viru^S, potato virus X, potato virus Y, southern 
bean mosaic virus. tWato ringspot virus, tobacco ringspot 
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/irus, tobacco mosaic virus, tobacco streak virus, turnip yellow 
mo^ic virus, and v^ound tumor virus. 

I2K The virus resistant plant according to claim 1 04, 
wherein said vkus is selected from the group consisting of 
tobacco mosaic viKis. cucumber mosaic virus, alfalfa mosaic 
virus, and tobacco rinW>ot virus. 

122. A method of making a host cells resistant to a 
virus for fiae host, comprising: 

sl) \ isolating DNA coding for a gene, or fragment 
thereof \f said virus; 

b"! oparablv linking said DNA, or fragment thereof, 
within an exVession vector: and 

c) transfon^ing said host cells with said expression 
vector. 

123. The method aSta^rding to claim 122, wherein 
said DNA or fragment thereof N , e^ressed in the sense 
direction. 

1 24. - The method according t^claim 1 22, wherein 
said DNA or fragment thereof is express^in the anti-sense 
direction. 

S^t^ V 125. The method according to claim 122, wherein 

said gene^ fragment thereof is a viral replicase gene or a 
fragment thenspf. 

126. The method according to claim 122, wherein 
said gene or fragment tnyeof contains a binding site for a 
replicase enzyme. 
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Xt»e method according to claim 122. wherein 
!=;f^id gene o^T^sVf^ftlthereof is a coat p rotein gene or a 
fragment thePgof. 

1 2^^ A method of making plant cells or p lant tissue 
resistant to infection bv one or more virus, comprising: 

^^ ) \olating DNA coding for a gene, or fragment 

thereof, oNsaid virus; 

opei^lv linki n g said DN A. or fragment thereof, 

within an exp^sion vector: and 

c ) transform^g said plant cells or plant tiss ue with 
said expression veotor. 

1 7Q The method ac^di to claim 128, wherein 
said DNA or fragment there oljf i^flktf^ssed in the sense 
direction. 

1 SO The method according toSJaim 128, wherein 
said DNA or f ra gment thereof is ex presse^ the anti-sense 
direction. 

<^ ^ IX, Thp method according to claim 12 8. wherein 
C(x^ / — 

said gene or f?^ment thereof is a viral replicase gene or a 

fragment thereof. 

1 12. The method according to claim 128, wherein 
said gene or fragment therg ^ jf' contains a binding site for a 
replicase enzyme. 

according to claim 128. wherein 
said gene or frag men /ttj^^e >£^«<coat protein gene or a 
fragment thereof. 



